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Introduction {#sec005}
============

Tuberculosis (TB), caused by Mycobacterium tuberculosis, is a disease of high prevalence in our country. 9.6 million new cases of tuberculosis are registered per year, with Brazil among the 22 countries considered to have a high incidence of the disease, according to WHO \[[@pone.0204655.ref001]\]. We are facing an increase in the incidence of tuberculosis due to human immunodeficiency virus infection, immigration and multidrug resistance.

Ethambutol, associated with other drugs, has been widely used to treat infections caused by *Mycobacterium tuberculosis* and *Mycobacterium avium complex*. The adverse effects of this drug have been documented since it's original use, the most severe being optic neuropathy, occurring in 22.5 cases per 1,000 patients \[[@pone.0204655.ref002]\]. It is a partially reversible toxic neuropathy, and the early discovery is fundamental to reduce permanent visual damage.

Exams that can detect early changes related to ocular toxicity by ethambutol are of extreme value for a better prognosis in this disease.

Optical coherence tomography, also known as OCT, is a diagnostic method that allows high-resolution images of cross-sectional retinal structures to be used as a non-invasive and non-contact technology for their realization \[[@pone.0204655.ref003]\]. The CIRRUS HD- OCT 4000 (Humphrey-Zeiss, Dublin, CA) has a scanning speed of 27,000 A-Scan / sec, an axial resolution of 5 μm and a transverse scan of approximately 20 μm, and repeatability standard deviation to 2.5 μm \[[@pone.0204655.ref004]\].

The OCT principle is based on low coherence interferometry \[[@pone.0204655.ref005]\] and the changes are observed as the relative difference in reflectivity at the optical interface of the structures examined \[[@pone.0204655.ref003],[@pone.0204655.ref006]\]. There is a good correlation between OCT images and the corresponding anatomical structure. This is due to the difference in reflectivity of the retinal structures \[[@pone.0204655.ref007],[@pone.0204655.ref008]\].

The objective of this study was to evaluate, through OCT, possible alterations in retinal thickness, secondary to toxicity by using ethambutol in the treatment of patients with tuberculosis. In addition, we have studied the use of other semiological tools, such as Amsler and Ishihara, in the screening of these cases.

Materials and methods {#sec006}
=====================

A total of 30 subjects using ethambutol were enrolled in a reference service for treatment of tuberculosis at the Hospital das Clínicas of the Federal University of Espírito Santo (UFES) from May 2015 to July 2016. The research began after approval of the Research Ethics Committee of HUCAM / UFES on 05/26/15, CAAE 45217815.3.0000.5071.

Anamnesis were performed of all the patients including questioning of habits of life, comorbidities, medications in use and history of color blindness. The definition of the mycobacterium species was performed by sputum culture or biopsy material from the primary infectious site performed by the pulmonology department.

After a detailed clinical history, the participants were submitted to ophthalmologic examination consisted of: corrected visual acuity by the ETDRS system, biomicroscopy, tonometry, photomotor reflex test, relative afferent pupillary defect screening, color vision by the Ishihara test, Amsler grid test, and color digital retinography for recording the posterior pole. OCT was performed on the CIRRUS HD-OCT device (Humphrey-Zeiss, Dublin, CA) macular thickness protocols using 512 x 128 μm and nerve fiber layer (RNFL). Among the test results, only those with a signal intensity above seven were accepted. Total thickness, thickness per quadrant and thickness per hour were measured. Renal function was also assessed by measuring creatinine clearance.

Patients were examined every two months serially from the first month of treatment with ethambutol. The follow-up occurred until the following month after discontinuation of the medication.

All participants signed an informed consent form in agreement with the HUCAM/ UFES Ethics Committee, following the recommendations of the Declaration of Helsinki.

The inclusion criteria were: (1) absence of history of optic neuropathy (such as glaucoma, optic neuritis, etc), (2) absence of congenital dyschromatosis (such as color blindness) (3) absence of history of retinal diseases; (4) there is no opacity of the means in the slit lamp or fundoscopic examination; (5) no history of vision abnormalities or visual field defect; (6) no history of anterior segment diseases (except dry eye syndrome); (7) no history of drug use inducing ocular toxicity (except ethambutol); (8) no ocular tuberculosis or neurotuberculosis; (9) age greater than 18 years.

The 30 subjects were divided into two groups according to the treatment schedule indicated by the pneumology service: (1) standard treatment group, two months of ethambutol; (2) extended treatment group, nine to twelve months of ethambutol. It is known that the standard treatment for Micobacterium tuberculosis disease recommended by the Brazilian Ministry of Health is two months of rifampicin, isoniazid, pyrazinamide, and ethambutol, followed by four months of rifampicin and isoniazid \[[@pone.0204655.ref009]\]. The extended treatment is individualized depending on the mycobacterium isolated in the culture and the resistance of the same, and all patients with other mycobacteria, other than Micobacterium tuberculosis, have been treated for at least 12 months. Only continuous and prolonged use of ethambutol in the extended group were considered in the study. This standard and extended division into two groups was carried out to evaluate whether prolonged use of ethambutol could lead to a greater number or severity of ophthalmologic changes.

Patients developed signs or symptoms of toxic optic neuropathy were referred to the prescriber of ethambutol immediately for discontinuation of the medication.

Initially all variables were analyzed descriptively. For the quantitative variables, this analysis was done by observing the minimum and maximum values, and the calculation of means, standard deviations and median. Absolute and relative frequencies were calculated for the qualitative variables.

A separate analysis was performed between right and left eye for each of the parameters studied, to avoid the problem of correlating equivalent areas of right and left eye retina.

For the comparison of means of two groups, the Student's t-test was used, when the normality assumption of the data was rejected, the non-parametric Mann-Whitney test was used.

To test the homogeneity between proportions, the chi-square test or Fisher's exact test was used.

For the comparison of the groups throughout the evaluations was used the Analysis of Variance with repeated measures.

When the normality assumption of the data was rejected, Wilcoxon's non-parametric test was used to compare the pre and post moments in the quantitative data. For the qualitative data the non-parametric McNemar test was used.

The software used for the analysis was SPSS 17.0 for Windows.

The level of significance used for the tests was 5%.

Results {#sec007}
=======

The 30 subjects were examined continuously during ethambutol use. Four patients lost follow-up during the study. The remaining 26 individuals were divided into two groups: twelve patients in the standard group (seven in the female and five in the male); and fourteen patients in the extended group (six females and eight males), according to the treatment defined by the pulmonology department.

Patients did not have any specific ocular symptoms on the first examination and baseline visual function tests were within normal range.

The mean age was 43.5 years (Standard Deviation 14,399) and the mean weight was 63.338 kg (Standard Deviation 6,980).

As for living habits, eight people reported alcoholism, seven smoking, and eight use of illicit drugs. In the ethnic category, fourteen considered themselves white, nine brown and three black. As for comorbidities, two had diabetes mellitus and three systemic arterial hypertension. Of all the evaluated, three individuals are carriers of HIV, all in an extended treatment regime. These variables did not differ significantly between the groups.

Twenty cases with *Micobacterium tuberculosis*, four *Micobacterium kansasii* and two *Micobacterium avium* were analyzed. In the statistical analysis, the groups showed a significant difference in relation to mycobacteria (p = 0.030). Standard treatment presented a higher percentage of cases with Micobacterium tuberculosis when compared to the extended treatment, as detailed in [Table 1](#pone.0204655.t001){ref-type="table"}.
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###### Patients on ethambutol therapy: Standard treatment group and extended treatment group.

![](pone.0204655.t001){#pone.0204655.t001g}

  Patient   Treatment   Age   Sex   Ethnicity   Mycobacteria   Location
  --------- ----------- ----- ----- ----------- -------------- -------------
  **1**     Extended    65    M     White       Avium          Pulmonary
  **2**     Extended    54    F     Black       Avium          Pulmonary
  **3**     Extended    38    F     Brown       Tuberculosis   Pulmonary
  **4**     Extended    65    F     White       Kansasii       Pulmonary
  **5**     Extended    46    M     White       Tuberculosis   Pulmonary
  **6**     Extended    41    F     White       Tuberculosis   Pulmonary
  **7**     Extended    32    M     White       Kansasii       Pulmonary
  **8**     Extended    37    M     Black       Tuberculosis   Pulmonary
  **9**     Extended    68    F     White       Kansasii       Pulmonary
  **10**    Extended    46    F     Brown       Tuberculosis   Pulmonary
  **11**    Extended    25    M     White       Tuberculosis   Pulmonary
  **12**    Extended    34    M     White       Kansasii       Pulmonary
  **13**    Extended    43    M     Brown       Tuberculosis   Pulmonary
  **14**    Extended    74    M     White       Kansasii       Pulmonary
  **15**    Standard    38    F     White       Tuberculosis   Cutaneous
  **16**    Standard    58    F     White       Tuberculosis   Cutaneous
  **17**    Standard    34    F     Brown       Tuberculosis   Cutaneous
  **18**    Standard    36    F     Brown       Tuberculosis   Pleural
  **19**    Standard    60    M     Brown       Tuberculosis   Pulmonary
  **20**    Standard    49    F     White       Tuberculosis   Pulmonary
  **21**    Standard    32    F     White       Tuberculosis   Pleural
  **22**    Standard    37    M     White       Tuberculosis   Ganglionary
  **23**    Standard    24    F     Black       Tuberculosis   Pulmonary
  **24**    Standard    23    M     Brown       Tuberculosis   Pulmonary
  **25**    Standard    50    M     Brown       Tuberculosis   Pulmonary
  **26**    Standard    22    M     White       Tuberculosis   Pulmonary

Regarding the location of the Micobacterium infection, twenty cases were pulmonary, two pleural, three cutaneous and one lymph node. From Fisher's exact test, we observed that the groups showed a significant difference in relation to the infection location (p = 0.004). The standard group presented a higher percentage of cases with cutaneous, lymph node and pleural tuberculosis when compared to the extended group.

There was no statistically significant difference between the groups regarding the weight and age variables.

The creatinine clearance of all patients at the start of treatment was within the normal range, with no statistical difference between the groups. Similarly, the intraocular pressure was maintained during all the research within the range considered normal.

All participants presented negative Ishihara test in the first evaluation.

The Amsler grid did not present a significant change in the analysis between the groups, and between the pre and post treatment.

In both groups there was a significant decrease in the temporal parafoveolar macular thickness of the right eye after the start of treatment (p = 0.005). In the other quadrants we did not observe significant changes to the OCT. The same change was not significant in the left eye.

In the analysis of the nerve fiber layer of the optic disc, we observed a significant decrease in the right eye nasal quadrant in both groups from the initial moment to the end of the analysis (p = 0.017). No other changes in the quadrants of both eyes.

In the hour chart of the right eye, a significant reduction of the nerve fiber layer was observed at 3 hours in both groups (p = 0.002).

In the 5-hour analysis, the groups showed a significant difference in behavior throughout the evaluations (p = 0.03), with the group extended with a significant decrease from the initial moment to the final moment (p = 0.031).

In the left eye, in the analysis of the hour chart, a significant reduction was observed at 8 hours in both groups studied after the use of ethambutol (p = 0.037). Without other statistically significant differences between the groups in the hour chart. Tables with all raw data are available in attachments.

Knowing that the standard deviation of the repeatability of the device is 2.5 μm \[[@pone.0204655.ref004]\], there was a relevant reduction in OCT thickness between the pre and post treatment times in ten eyes of the extended group, with a mean of 7,8 μm (between 3 and 19) and; in seven eyes of the standard group, with a mean of 5.57 μm (variation between 3 and 10).

During the study, it can be observed that in the second treatment evaluation, at two months, there are cases with reduction of the retinal thickness, as can be seen in [Fig 1](#pone.0204655.g001){ref-type="fig"}.

![RNFL thickness, measured in micrometers, standard versus extended group, before start medication (first exam) and after two months of treatment (second exam).\
RNFL for each patient profile is measured in quadrants (temporal, upper, nasal, lower). In the second treatment evaluation, at two months, there are cases with reduction of the retinal thickness, in both groups. RE: Right Eye; LE: Left Eye.](pone.0204655.g001){#pone.0204655.g001}

There was a decrease in OCT thickness of the optic disc (greater than 2.5 microns) between the initial moments and 2 months of treatment in ten eyes of the extended group, with a mean of 9.4 μm (variation between 3 and 21) and; in seven eyes of the standard group, with an average of 5.57 μm (variation between 3 and 10). No statistically significant difference between groups in relation to the delta percentage of variation between initial care and 2 months of treatment and between pre and post treatment.

In the extended group, throughout the treatment, three presented reduction of at least one line of sight in the measurement of visual acuity, besides, also, of alteration in the test of Ishihara. Two cases presented change only in the Ishihara test, with no loss of sight lines. None of these changes were observed in the standard group (p = 0.043).

Patients with reduced visual acuity and / or change in the Ishihara test had a greater delta percentage decrease when compared to the other patients, in the optic disc OCT lower thickness of the right eye (p = 0.046), the 5-hour OCT of the right eye (p = 0.003), the 7-hour OCT left eye (p = 0.001) when comparing the initial care and the 2-month care.

Patients with reduced visual acuity and / or change in the Ishihara test presented a greater delta percentage decrease between the first and second care compared to the other patients in the macula OCT thickness of the upper parafoveolar right eye (p = 0.043), nasal parafoveolar (p = 0.009), upper perifoveolar (p = 0.044), nasal perifoveolar (p = 0.005), lower perifoveolar (p = 0.001); in the left eye upper parafoveolar (p = 0.029), nasal parafoveolar (p = 0.038), lower perifoveolar (p = 0.01). The same comparison did not present statistical significance when comparing pre and post treatment.

After discontinuation of ethambutol, there was complete recovery of vision in three of the five cases. The other two had only partial recovery and developed optic disk pallor.

Discussion {#sec008}
==========

Since its introduction in 1961, ethambutol has been used in the treatment of tuberculosis. The World Health Organization Guideline 2009 recommends the addition of ethambutol throughout the standardized treatment of new cases of active TB in populations with increased prevalence of resistance to isoniazid to reduce the risk of multiple drug resistant strains. Brazil is included in this recommendation. \[[@pone.0204655.ref001]\]

The side effects of ethambutol were first described in 1962 by Carr and Henkind \[[@pone.0204655.ref010]\]. Leibold reported in 1966 that the ocular toxicity of the drug would not be a cause of concern when given at low dosages (below 25 mg / kg per day) and for short periods of time \[[@pone.0204655.ref011]\] Recent studies show people receiving 25 mg / kg per day had to 5% to 6% incidence of optic neuropathy, and the incidence of optic neuropathy at doses of 15 mg / kg per day was reportedly less than 1% \[[@pone.0204655.ref012],[@pone.0204655.ref013]\]. It is noteworthy that most of these reports are from tertiary references centers and detection bias can be found because serious cases tend to be reported. Therefore, the true incidence of optic neuropathy may be unknown.

Current regimens recommend dosages of 15 mg / kg per day in patients who have not received prior antituberculosis therapy. If antituberculosis therapy was given before, initial treatment with 25 mg / kg per day for 60 days, followed by 15 mg / kg per day \[[@pone.0204655.ref014]\].

The presentation of the basic treatment scheme for tuberculosis according to the Ministry of Health of Brazil are tablets with fixed doses of 150mg of rifampicin, 75mg of isoniazid, 400mg of pyrazinamide and 275mg of ethambutol for adults and adolescents. For children under 10 years of age the combination of rifampicin, isoniazid and pyrazinamide remains. The amount of tablets administered per day is established according to the weight range: between 20 and 35 kg are 2 tablets per day; between 36 and 50 kg are 3 tablets per day and in greater of 50 kg are 4 tablets per day. In special schemes the dose of the tablet used is 400 mg of ethambutol administered according to the weight range: between 20 and 35 kg are 1 or 2 tablets per day; between 36 and 50 kg are 2 or 3 tablets a day and in greater than 50 kg are 3 tablets a day. In treatment regimens for multiresistance, the dosage is also defined according to the weight range: up to 20 kg is used 25mg / kg / day; between 21 and 35 kg are 400 to 800 mg daily; between 36 and 50 kg are 800 to 1200 mg / day and in greater of 50 kg are 1200 mg per day, as prescribed by the attending physician. \[[@pone.0204655.ref015]\]

It is emphasized that ethambutol is eliminated by the renal route both by glomerular filtration and by tubular secretion \[[@pone.0204655.ref016]\]. For this reason, any kidney disease could impact the patient's ability to remove ethambutol from the serum. Patients with renal disease should have their dose adjusted based on their glomerular filtration rate. In this study, the serum creatinine dosage of all participants was within the normal range.

Due to an increase in the occurrence of multiresistant mycobacterial infections, the prescription of higher doses of ethambutol for long periods of time has become a necessity. This increases the risk of side effects of ethambutol \[[@pone.0204655.ref017]\].

Clinical features of ethambutol-induced optic neuropathy resemble those of a compressive optic neuropathy with retrobulbar neuritis in subacute clinical course with reduced contrast sensitivity, painless loss of central vision, cecocentral scotomas, and dyschromatopsia. Symptoms usually appear between four and twelve months after the onset of ethambutol, but rarely, they may also occur within a few days of initiation of therapy \[[@pone.0204655.ref018]\]. Fundoscopy is typically normal, especially in the early stages of the disease. Therefore, studies that evaluate the risk factors for the development of optic neuropathy due to the use of ethambutol, as well as the recognition of tests that can identify early signs of neuropathy, are important and necessary for medical practice.

Although the exact mechanism of this ocular neurotoxic effect is largely unknown, animal studies have demonstrated toxicity of ethambutol in rat retinal ganglion cells with vacuole formation in neurons and astrocytes following exposure to ethambutol in animal models \[[@pone.0204655.ref019]\].

There are authors who suggest that the toxic effects of ethambutol are reversible \[[@pone.0204655.ref020],[@pone.0204655.ref021]\]. However, other studies have reported that, even after ethambutol stagnation, 40--50% of patients experienced permanent loss of visual acuity \[[@pone.0204655.ref022],[@pone.0204655.ref023]\]. In this present analysis, it was observed that two cases (40%) did not completely recover vision after discontinuation of ethambutol and, in addition, developed optic disk pallor, characterizing permanent structural damage. The risk of definitive visual loss reinforces the need for early diagnosis of neuropathy and immediate interruption of medication.

Chromatopsia is reported as the first symptom of toxic optic neuropathy. Garg et al. observed color vision abnormalities in 12.6% of the eyes of 64 patients studied \[[@pone.0204655.ref024]\]. The Ishihara test was therefore used to observe loss of color sensitivity. It is worth mentioning that this test is considered the gold standard for the identification of congenital deficiencies for color vision, but it can also be used for acquired deficiencies \[[@pone.0204655.ref025]--[@pone.0204655.ref027]\]. In the present research, the positivity of this test was associated to the cases with greater reduction of the retinal thickness by the OCT and with all the patients that had reduced visual acuity.

The Farnsworth-Munsell test was the first indication for the detection of acquired color vision loss, but it was not chosen for the present study due to its lower availability and greater complexity in the accomplishment, which limits its use to medical ophthalmologists.

The Amsler grid proved irrelevant in this analysis, since there was no record of change in any of the participants.

A few papers have demonstrated the usefulness of optical coherence tomography (OCT) in the detection of retinal changes in patients with optic neuropathy associated with the use of ethambutol \[[@pone.0204655.ref028]\]. The prevailing hypothesis is that these changes cause papillomacular defects \[[@pone.0204655.ref028]--[@pone.0204655.ref030]\].

Most of the studies using OCT reported that the thickness of the NRT reduces with antituberculosis therapy \[[@pone.0204655.ref028], [@pone.0204655.ref029], [@pone.0204655.ref031], [@pone.0204655.ref032]\]. However, in contrast to such findings, Kyoung et al. reported an increase in the thickness of the nerve fiber layer during treatment with ethambutol \[[@pone.0204655.ref033]\].

Ethambutol optic neuropathy is generally bilateral and may be asymmetric. \[[@pone.0204655.ref034]\] This asymmetry was observed in OCT of both groups. Asymmetry of the thickness of the CFNR between right eye and left eye after treatment with ethambutol has already been demonstrated by Zoumalan, \[[@pone.0204655.ref029]\] and corroborates with the findings of this research.

In the present study, it was observed that both patients in standard treatment and in extended treatment presented a significant reduction in the thickness of the nerve fiber layer detected by OCT, being more pronounced in the individuals in the extended treatment group, even in patients without visual complaints and may indicate a possible subclinical neurotoxicity of long-term outcome yet unknown. It is interesting to note that it is possible to observe a reduction of the retinal thickness two months after the start of treatment, especially in those patients with reduced visual acuity and / or change in the Ishihara test. This raises the possibility that the earlier and more pronounced reduction of the nerve fiber layer is involved in the appearance of visual symptoms.

One of the limitations of the research was the fact that we could not have evaluated the use of ethambutol alone. Sahin et al. have already shown ocular toxicity due to the use of isoniazid in rats, however, there are no reports of this association in humans \[[@pone.0204655.ref035]\].

Conclusion {#sec009}
==========

There was a significant reduction in the thickness of the nerve fiber layer by OCT in the patients studied, being more pronounced in those submitted to the extended treatment regimen. This reduction was observed two months after the start of therapy, and was more significant in the cases that presented changes in the Ishihara test.

Most cases with reduction of retinal thickness by OCT did not present reduction of visual acuity or change in the Ishihara test.

Further studies are needed to elucidate the risk factors and intervals required between OCT screening tests for early signs of ethambutol optic neuropathy.
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###### Optical coherence tomography data of all patients.
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Click here for additional data file.
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